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WitH Four FIGURES IN THE TEXT 


During the past several years there has occurred, in various sections of 
New Jersey, an unusual amount of leaf and twig injury to the peach, due 
apparently to arsenate of lead used in the spray mixtures. Although leaf 
injury and defoliation from the use of toxic sprays is not uncommon, severe 
injury to the twigs was not noted in this state until recent years. In 1922 
twig injury was severe in South Jersey, where it occurred in the form of 
cankers on the new and the one year old wood. 

In 1923 a mild form of this same type of injury was observed in a num- 
ber of sprayed orchards, but no cases of serious damage were reported. 
During 1924, however, complaints of severe defoliation and wood cankering 
came in from all parts of the state. In Burlington, Camden, Gloucester, 
Middlesex and Monmouth counties, New Jersey, a number of orchards were 
examined where the injury was very severe. In one orchard, for example, 
which had been sprayed with 11% lbs. arsenate of lead in 50 gals. water, 
the fruit and leaves had prematurely fallen and the new and one year old 
woods were severely cankered. In another orchard, sprayed with atomic 
sulfur and arsenate of lead, the leaves showed large burned areas and most 
of the leaves had fallen. The new and the one year old twigs were also 
severely cankered and on some trees branches were broken off at the 
cankered crotches. In still another orchard where dry-mix (8 lbs. sulfur, 
4 lbs. lime and 114 lbs. arsenate of lead to 50 gals. water) was used, there 
was only a very slight leaf injury and very little defoliation but the new 
and one year old twigs were severely cankered. These observations and 
those made in other orchards showed that the injury occurred in several 
forms and that the relative amount of each form varied in the different 
orchards. In some the injury was most prevalent on the leaves; in others, 
the leaves showed little injury while the twigs were severely cankered. 

1 Paper No. 206 of the Journal Series, New Jersey Agricultural Experiment Stations, 
Department of Plant Pathology. 
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Furthermore, the appearance and location of the twig cankers varied eon- 
siderably with the age and condition of the twigs and with the severity of 
the injury. In view of the unusual prevalence and severity of these cankers 
in New Jersey, a series of spray tests have been conducted the past three 
years to determine the relation of various spray mixtures to the injury. 
Before entering into a discussion of the experimental spray tests it 
may be well to give a detailed description of the various types of injury 
resulting from arsenical burning on the peach. The injury oecurs mainly 

















Fig. 1. Leaves showing typical symptoms of spray injury. 


on the leaves, young shoots and the one vear old wood, and oceasionally on 
the fruit. On the leaves it appears as brown, circular, necrotic areas 
usually 1g to 14 inch in diameter (Fig. 1), or a narrow strip of dead tissue 
along the leaf margin. These dead areas frequently break away from the 
living portion of the leaf, causing a ragged appearance, or ‘‘shot hole”’ 
somewhat similar to that caused by the bacterial leaf-spot organism. 
Severely affected leaves usually fall within a week after the injury becomes 
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Fic. 2. Young twigs showing bud cankers due to spray injury. 

















Fig. 3. One year old twigs showing cankering and gummosis due to spray injury. 
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visible, although a few may remain on the tree all summer. There may 
also be considerable premature defoliation of green or yellow leaves which 
show no apparent injury. In such cases the leaf drop is not infrequently 
associated with a ecankering of the nodes of the new shoots. The older 
leaves are more subject to injury than the younger ones, the latter fre- 
quently remaining unaffected. 

On the new growth the injury appears mainly at the two or three oldest 
nodes (Fig. 2) and at the juncture between the new and old wood, rarely 
along the older internodes. The nodal or bud cankers appear as very 
conspicuous, well-defined, brown, dead areas lg to %g inch long and gen- 
erally about half encircling the twig. They always oecur on the bud side 
of the node, either immediately below or completely surrounding the bud, 
which is usually killed. The tissues immediately surrounding these cankers 
are usually healthy but may show a conspicuous reddening of the bark. 
The cankers at the base of the new wood are brown, necrotic bands, usually 
ly to 14 inch long, completely surrounding the twigs. Such girdling 
ecankers often weaken the shoots, causing the newly developed leaves to 
become pale and rolled inward. In severe cases some of the shoots may 
die or break off at the girdled region, giving the tree a very ragged appear- 
ance. Cankers may also occur on the internodes, but these are rare and 
seem to be associated with slight abrasions. These internodal cankers are 
variable in size and shape and seldom have a definite outline. 

On one year old twigs, with brown, corky bark, the first sign of injury 
appears as slightly darkened blotches, mainly along the upper or more 
exposed surface. If the first layer of the bark is removed at this stage, 
the cankered areas show a reddening of the tissue immediately beneath 
the corky bark and a water-soaked condition of the deeper layers. The 
later development of the canker depends on the tissues affected. If the 
burning affects only the cortex, the twigs continue to enlarge; and the 
injured cortex eracks and partly sloughs off, giving a very shaggy appear- 
ance. If the eambium is killed, the cankered areas become sunken, due to 
the growth of adjacent tissues. These areas finally crack, and in wet 
weather exude large amounts of gum (Fig. 3). In ease of severe burning, 
many twigs have spaces 6 in. to 1 ft. long where the cambium has been 
destroved on the more exposed side. Occasionally a canker completely 
girdles a twig, causing a slow dying; but, in most cases, sufficient uninjured 
cambium remains to keep the twig alive and bring about a slow recovery. 
The bark, however, remains very rough for some time, and old cases of 
injury can often be recognized by these shaggy-barked limbs (Fig. 4, cen- 
ter). This healing process usually brings about a complete recovery along 
the main part of the limbs, but where the cankers occur in crotches the in- 
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jury is often permanent. Cankers at such points seem to be unable to heal 
properly and, as a result, the injured crotches remain very weak and often 
break from wind strains or from heavy crops (Fig. 4, left). 

On small green-barked twigs, one year old, the injury does not appear 
as cracking or gumming cankers as in the case of larger corky-barked twigs. 
Here it takes the form of dark blotches, usually from 14 to 1% ineh long 
and half encircling the twigs. They are generally located at the nodes, 
but in severe cases the greater part of the twig may be affected. The nodal 
cankers have a rather definite outline and stand out very conspicuously 
against the green background. On small, weak, one year old twigs, such 
as appear so abundantly towards the center of poorly pruned trees, this 
type of injury becomes so severe that the twigs are killed outright, giving 


the general appearance of a severe case of brown-rot twig blight. 
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Fic. 4. Left. Splitting of one year old crotches following spray injury. Center. One 
year old twigs showing roughened bark following spray injury. Right. One 


vear old twig from unsprayed check tree showing smooth bark. 


lhe young fruit seems to be more resistant to spray injury than the 
leaves and twigs. Orchards have been observed which were from 50 to 75 
per cent detoliated, and where all of the one year old twigs were severely 


cankered as a result of arsenical injury, and vet the fruit which remained 
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on the trees showed no sign of burning. The fruit is always reduced jp 
size, however; and, where defoliation is severe, the quality is greatly 
reduced. 

SPRAY TESTS IN 1922 

The spray tests in 1922 were made in cooperation with the Hortieul- 
tural Department of the New Jersey Agricultural Experiment Station. 

Since atomic sulfur had been used on most of the injured orchards 
observed in 1922, this material was tested in various combinations with 
lime and arsenate of lead in order to determine, if possible, the exact cause 
of the burning. A single tree was used for each mixture and only one 
spray application was given on July 26, when the new wood had completed 
its most rapid growth. The spray mixtures used and the results obtained 
are given in table 1. 

The first injury was observed on August 10, 15 days after spraying. 
By August 18 the burning had apparently reached its maximum, and on 
this date a eareful examination was made of all the trees. It will be ob- 
served from table 1 that the unsprayed tree (No. 12) and all trees reeeiv- 
ing atomie sulfur, self-boiled lime sulfur, or dry-mix, but no arsenate of 
lead (Nos. 1, 8, 10 and 11), showed no injury of any kind. On the other 
hand, the pure arsenate of lead spray (No. 5) and the arsenate of lead-lime 
sprays (Nos. 6 and 7) caused severe burning. It is of interest to note that 
where lime and arsenate of lead were used (Nos. 6 and 7) the injury was 
somewhat more severe than where the same amount of arsenate of lead 
was used alone (No. 5). It will also be noted that 11% Ibs. arsenate of 
lead, with 5 Ibs. atomie sulfur in 50 gals. of water, caused considerable 
injury (No. 2), but when 5 Ibs. lime was added to this combination (No. 3) 
the burning was almost entirely prevented. Where the arsenate of lead 
was increased to 214 lbs. to 50 gals. (No. 4), however, the burning occurred 
regardless of the fact that 5 lbs. of lime was used. Arsenate of lead, 11% 
lbs. to 50 gals. of standard self-boiled lime sulfur (No. 9), caused only a 
trace of injury. 

In summarizing the results of this test, we see that atomic sulfur, self- 
boiled lime sulfur, and dry-mix, when used without arsenate of lead, caused 
no injury, while arsenate of lead used alone or with lime, or used in excess 
in sulfur-lime-lead mixtures, caused considerable leaf and twig injury from 
a single late application. 


SPRAY TEST IN 1923 
In 1923 a test was made in which sulfur, lime and arsenate of lead 
were used alone and in the various combinations indieated in table 2. One 


application was made on August 7 on vigorous, four year old trees. The 
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TABLE 1.—Results of Spray Tests in 1922 


TREATMENT® 


. sphaiil silicic tiliaaia 
Lbs. materials in 50 gals. water OBSERVATIONS 


1. Atomie Sulfur 5 Ibs. No injury. 
Severe cankering and gummosis both on 1 
9 Atomie Sulfur 5 Ibs. yr. wood and older portions of new wood. 
Arsenate of Lead ise *' No spotting of leaves; heavy drop. 
3. Atomie Sulfur 5 Ibs. ” oe = 
Stone Lime 5 ee i pre restricted to buds. Slight 
: Ca arop, 
Arsenate of Lead 1% ‘6 ] 
4. Atomie Sulfur 5 lbs. 
Stone Lime 244 ** Considerable cankering. Heavy ear arop. 
Arsenate of Lead ms ** 


Severe cankering of old and new wood. 
Arsenate of Lead 114 Ibs. Leaves showing large brown areas and shot 
holes. Heavy drop. 


Cankering more severe than on 5. Shot 


6. Arsenate of Lead 1% lbs. . : 
Stone fhe 6 holes abundant. Leaf drop on some twigs 
amounting to 90 per cent. 
7. Arsenate of Lead 114 lbs. Ini ‘mil tn 6 tl . 
; jury similar \ ss severe. 
Stone Lime 214 nd - ” " ode ss eect thine 
8. Sulfur 8 Ibs. 
Stone Lime S “ No injury. 


Self-boiled 


9, Sulfur 8 Ibs. 
Stone Lime 8 es A very small number of cankers observed 
Arsenate of Lead 1% ‘ on new wood. 
(Self-boiled 

10. Sulfur 8 Ibs. 
Hvdrated Lime 4 ee Ce SE 
Kayso M% Ib. No injury. 
Drv-mix) 

11. Sulfur 2 sibs. 
Hvdrated Lime 4 -s No injury. 
Kayso Vy lb. 
(Dry-mix 

12. Check—unsprayed No injury. 


4Qne spray application made July 26, 1922. 


season was hot and dry, and at the time of spraying the trees had finished 
their most active spring growth. On August 14, seven days after spraying, 
no traces of injury were observed. On the 17th, ten days after spraying, 
a few gumming ecankers were noted on the blocks where arsenate of lead 
alone (No. 1), arsenate of lead and sulfur (No. 4), and where arsenate of 
lead, sulfur and a small amount of lime (No. 8) were used. The injury 
did not develop further or appear on any other blocks later in the season. 
The injuries secured in this test were so slight that a comparison of the 
relative toxicity of the various mixtures would be of little value, but it is 
significant to note that here, as in the 1922 test, injury oceurred only where 
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arsenate of lead was used. It is also of interest to note that arsenate of 
lead alone, used at the rate of 11. Ibs. to 50 gal. of water, caused only slight 
wood eankering and defoliation, while in 1922 this same spray gave severe 
injury (table 1, plot 5) 

These results coincide with the field observation noted above, which 
showed that spray injury was much more general in 1922 than in 1923, 
This difference in the amount of injury obtained in these two vears from 
the same type of spray is doubtless closely associated with differences in 
seasonal conditions, the wet season of 1922 apparently being more favor- 
able for arsenical injury than the dry season of 1923. It should also be 
noted in this connection that the results of tests conducted in 1924 indicate 
that the maturity of the wood and the vigor of the tree are important factors 
in determining the susceptibility of a tree to arsenical injury. The dry 
season in 1923, the relatively mature condition of the wood at the time of 
spraying, and the vigorous condition of the trees all, no doubt, were im- 
portant factors in accounting for the small amount of injury secured in 
this test. 

TABLE 2.—Results of Spray Test in 1923 


TREATMENT@ 
Lbs. material in 50 gal. water. 


—" 


OBSERVATIONS——AUG. 


Slight cankering and gummosis on one year 


1. Arsenate of Lead 11% lbs. 
ms old wood. 
2. Sulfur 8 Ibs. No injury. 
3. Hydrated Lime 1 = No injury. 
4. Arsenate of Lead  ** Slight cankering and gummosis on one year 
Sulfur 8 Es old wood, 
5. Arsenate of Lead 1% §§ 
Hydrated Lime t ve No injury. 
6. Arsenate of Lead 1% ¢ 
Sulfur 8 ee No injury. 
Hydrated Lime $ me 
7. Arsenate of Lead 1% § 
Sulfur 8 iii No injury. 
Hydrated Lime 2 me 
8. Arsenate of Lead 1% §§ : , ; ; 
Saltee g 66 Slight cankering and gummosis on one year 
wood. 
Hydrated Lime lL Ib. old wood 


 aOne application made on Aug. 7. 
SPRAY TESTS IN 1924 
In 1924 a more extensive test was conducted on three-vear old trees, 
which had not previously been sprayed, in order to compare dry-mix 
sprays containing various amounts of sulfur, lime and arsenate of lead, 
and to determine the time of year when the trees are most subject to 
injury. The test orchard was divided into blocks of four trees each, three 
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of which were sprayed and the fourth left as a check. Three spray appli- 
cations were made, on June 7, June 23 and July 11, the first being applied 
a few days after the shueks had fallen. The various treatments and the 
results of observations made on July 22, at which date the injury had 
reached its maximum, are given in table 3. 

It will be observed from the notes given in table 3 that 114 lbs. arsenate 
of lead to 50 gals. of water (Plot 10) caused more severe injury than any 
other spray used. Where 4 lbs. of hydrated lime was added to the 1% 
lbs. arsenate of lead (Plot 1) the burning was considerably redueed but 
was still severe. Where arsenate of lead and sulfur were used (Plot 5), 
the burning was practically the same as with arsenate of lead alone. Vary- 
ing the amount of sulfur in the mixtures containing sulfur, lime and 
arsenate of lead had little influence on the toxicity of the spray (Plots 
» 3 and 4), but where the amount of lime was varied (Plots 6, 7 and 8) 
the degree of injury decreased as the amount of lime was increased. On 
plot 6, for example, where 2 Ibs. of hydrated lime was used to 8 lbs. of 
sulfur and 114 Ibs. of arsenate of lead, the twig cankering and gummosis 
was very conspicuous; while on plot 8, where the lime was increased to 
6 lbs., there was no gummosis and only a trace of cankering. 

It is also of interest to compare plots 7 and 9, where the dry-mix con- 
tained different amounts of arsenate of lead. On plot 7 where the spray 
mixture contained 8 lbs. sulfur, 4 lbs. lime and 11% lbs. arsenate of lead, 
the proportion recommended for peaches in 1922 and 1923, a moderate 
amount of injury occurred but it was by no means conspicuous. On plot 9 
where the arsenate of lead was increased to 216 Ibs. injury was very 
severe. The standard self-boiled lime sulfur with 114 lbs. of arsenate of 
lead (Plot 11), which was ineluded in the test as a comparison check, 
caused no trace of injury either to leaves or twigs. 

It will be seen from the results in plots 12, 13 and 14, where the first, 
second, and third spray applications respectively were omitted, that the 
time of application greatly influences the amount of injury caused by the 
toxie spray mixtures. In plot 12, where the first spray (June 7) was 
omitted, there was only a trace of burning, while in plots 13 and 14, where 
the first spray was applied but the second (Plot 13) or third (Plot 14) 
omitted, the injury was just as severe as in plot 9 which received three 
applications of the same spray mixture. This would indicate that the 
peach is much more subject to spray injury in the early spring when the 
trees are growing rapidly than in mid-summer when the cambium is less 
active. 

In conclusion it should be stated that the injury obtained on the trees 
in the experimental plots, which was evidently due to lead arsenate used 
in the spray mixture, was similar in every respect to the injury which 
Was so prevalent in the orchards in South Jersey in 1922 and in all parts 
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TABLE 3.—Results of Spray Tests in 1924 


TREATMENT? 
50 gals. water 


Lbs. materials in 


Hydrated Lime 
Arsenate of Lead 
Sulfur 

Hydrated Lime 


Arsenate of Lead 


Sulfur 


Hydrated Lime 
Arsenate of Lead 
Sulfur 

Hydrated Lime 
Arsenate of Lead 
Sulfur 

Arsenate of Lead 


Sulfur 
Hydrated Lime 
Arsenate of Lead 


Sulfur 
Hydrated Lime 
Arsenate of Lead 


Sulfur 
Hydrated Lime 


Arsenate of Lead 
Sulfur 
Hydrated Lime 


Arsenate of Lead 


Lead 


Arsenate of 


Sulfur 

Lime 

Arsenate of Lead 
(Self-boiled ) 
Sulfur 

Hydrated Lime 
Arsenate of Lead 
Ist. spray omitted 
Same as No. 12 
2nd. spray omitted 
Same as No. 12. 
3rd. spray omitted 


4 Applications: 


} 


June 


4 Ibs. 
lls ce 
t lbs 
4 ee 
1% ce 
6 lbs 
4 ee 
1%, « 
5 lbs 
4 ee 
14 sé 
S lbs 
1%,‘ 
Ss Ibs 
1% 6 
Ss Ibs 
4 ee 
1% ee 
's) lbs 
6 sé 
1% ‘é 
Ss lbs 
4 ee 
914 ce 


Ll, lbs. 


lbs 
SS ee 
1% sé 
sS lbs. 
} es 
o1 sé 


7, 23, July 11. 


other spray materials prepared by the dry-mix method, using 1% Ib. 


per 50 gals. spray mixture. 


JULY 22 


OBSERVATIONS— 


Slight amount of cracking and gummosis on ] yr, 
wood. 50 per cent of twigs cankered on ney 
wood. From 1 to 2 bud cankers on each. Leaf 
burning slight. 


Trace of burning and gummosis on 1 yr. wood, 
On weak trees 30 per cent of twigs showing bud 
cankers on new wood. On vigorous trees bud 
eankers rare. No conspicuous leaf burning. 


Trace of burning and gummosis on 1 yr. wood, 


A few bud cankers. No conspicuous leaf burning, 


Injured to same extent as Nos. 2 and 3. 


On 1 yr. wood, every twig cankered and abundant 
gummosis. On vigorous tree, 20 per cent of twigs 
with bud cankers on new wood. On weak trees 


50 per cent. No leaf burning. 


On 1 yr. wood every twig severely cankered. Much 
less gummosis on thrifty than on weak trees. On 
vigorous trees 10 per cent of twigs with bud cank- 
ers on new wood. On weak trees 70 per cent, 
No leaf burning. 

On 1 yr. wood approximately 25 per cent twigs 
cankered with small amount of gummosis. Bud 
ecankers on new wood rare. 


On 1 yr. wood, cankers rare with no gummosis on 
thrifty tree, on weak trees a few more cankers but 
no gummosis. Trace of bud cankers on new wood 
on weak trees, none on vigorous. 


On 1 yr. wood on thrifty tree every twig burned 
with slight gummosis. Weak trees severely cank- 
ered with heavy gummosis. Few bud cankers on 
new wood on a vigorous tree, on weak tree 75 per 
cent of twigs showed bud cankers. 


twig severely cankered 
with abundant Most twigs cankered 
for entire length. 50 per cent of twigs with bud 
cankers on new wood. Injury more prevalent than 
on any other plot. 


wood 


gummosis. 


On 1 yr. old every 


No injury of any kind. 


On 1 year wood on one tree 3 small cankers, none 
on other trees. No bud cankers. 


On 1 year wood all twigs severely eankered with 
heavy gummosis. Some bud eankers. 


Cankered to same extent as No. 12. 


Self-boiled lime-sulfur used on plot 11. All 


caleium caseinate 

















1925] HAENSELER AND MARTIN: ARSENICAL INJURY 331 


of the state in 1924. Reports have reached us that similar injury has 
occurred in orchards where no sprays or dusts were applied, but not a 
single authentic case of this kind has been observed. It is recognized that 
brown rot may cause an occasional gumming twig canker and that the 
bacterial leaf spot organism may cause serious defoliation; but a micro- 
scopie and cultural study of many twig cankers, and the results of spray 
tests conducted over a period of three years, lead us to believe that much 
of the premature defoliation and most of the twig cankering and gummosis 
so prevalent in New Jersey during the past three years have been due to 
the use of toxic spray materials and not to the brown-rot or leaf-spot 
organisms. 

In the Hammonton section the bacterial leaf spot sometimes causes 
almost complete defoliation; but no eases have been observed, even in such 
severe infections, where a conspicuous twig cankering is associated with 
this bacterial disease. 

The results of the three-year tests demonstrate conclusively that where 
arsenate of lead is used alone at the rate of 115 lbs. to 50 gallons of water, 
or when used in excess with sulfur or lime or in combination of the two, 
severe injury may be expected both on the leaves and the twigs of the 


peach, especially from the early spray applications. 


SUMMARY 

1. Spray injury to the peach appear mainly as: 1, a leaf burning 
which frequently results in premature defoliation; 2, as necrotic areas at 
the older nodes of the new growth; 3, as cankers on the one-year old wood 
which cause a splitting of the bark and gummosis. 

2. Atomic sulfur, flowers of sulfur, and lime alone caused no injury. 

3. Powdered arsenate of lead, 144 lbs. to 50 gals. of water, when used 
alone or in combination with atomic sulfur, sulfur, or lime, caused severe 
injury. 

4. In mixtures containing sulfur, lime, and arsenate of lead, injury 
oceurred only when the lime was appreciably reduced, or the arsenate of 
lead increased over the amounts generally recommended. 

5. Self-boiled lime sulfur, 8-8—50, with 114 Ibs. of arsenate of lead 
caused no injury, while dry-mix, 8-4—14-50, with 11% Ibs. arsenate of lead 
caused injury. 

6. In dry-mix, increasing the arsenate of lead to 214 Ibs. or reducing 
the lime to 2 Ibs. made the mixture more toxie. 

7. Weak trees were more subject to spray injury than vigorous ones. 

8. Sprays applied early in the season caused more injury than those 
applied later. 

New JERSEY AGRICULTURAL EXPERIMENT STATION, 

New Brunswick, NEW JERSEY. 











THE CITRUS STEM-END ROT “DIPLODIA”™’; ITS LIFE HISTORY 
AND RELATION TO SPHAEROPSIS MALORUM 


NEIL E. STEVENS AND MARGUERITE S. WILCOX 
WITH PLATE VIII 


The close relationship between the ‘* Diplodia’? which causes th 
destructive stem-end rot of citrus fruits and the **Sphaeropsis’’ whieh 
causes black-rot of apples has been pointed out at various times. Continued 
study of these two organisms has convinced the writers that their perithecia] 
stages are even more similar than the pyenidial, but that they exhibit cer. 
tain distinguishing cultural characters and that the pyenospores may be dis. 
tinguished morphologically, even when grown on the same culture medium, 
The evidence on these points is presented in the present paper for the infor. 
mation of those who are engaged in the field study of the diseases caused 
by this important group of organisms and particularly in the hope that 
more material of the perfect stage will be collected, especially in the tropics, 
and critically studied. 

In referring to the citrus end-rot organism, the name Diplodia natalensis 
Pole-Evans (2) will be used, as this seems to have become well established 
by the usage of students of citrus diseases in this country and Cuba (1, 3, 
and 7). For clearness in comparison, the apple black-rot fungus will b 
referred to by the name usually applied to its pyenidial stage Sphaeropsis 
malorum Peck. 

EARLIER WORK 

In discussing Diplodia natalensis on citrus in the Isle of Pines, Earle 

and Rogers (1) sum up the resemblance of this organism to Sphaeropsis 


malorum as follows: (Their statement is quoted in full, as the original publi- 


eation does not appear to be generally aecessible. ) 


2 On the other hand Diplodia differs from Sphaeropsis only in having on 
septate or two-celled spores instead of a simple one-celled spore. At full maturity the 


spores of our fungus are two-celled with a heavy, dark brown, highly chitinized w 

which probably is accountable for their great resistance to the action of disinfectants 
They are oval in outline, scarcely constricted and measure about 12-15 x 25-30 microns 
On some media, however, they remain for a long time one-celled even after the wall is 
considerably chitinized. In this condition the fungus may easily have been described 
in this genus and must be studied before we can be sure that our fungus is not among 
them. In fact its resemblance to Sphaeropsis malorum Pk., the common black rot 

apples, is so striking both from its cultural characters and from the fact that it eauses 
a destructive rot of the fruit, and also destructive lesions on the bark, that the possi 


bility of some connection between the two suggested itself. We soon found that our 
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Diplodia would rot down apples with all the symptoms of the Sphaeropsis rot. The 
pyenidia were even single and seattered—not elustered, as on citrus, and the spores 
remained long one-celled. Through the kindness of Dr. D. C. Babeock, of the Ohio 
station, a pure culture of Sphaeropsis malorum was secured. When inoculated into 
grapefruit it promptly produced a rot that was indistinguishable from the ordinary 
Diplodia rot. So far no pyenidia have developed, but this always requires a long time 
on grapefruit. In a long series of parallel cultures, on different media, the only ob 
servable difference in behavior was in the decided tendeney to form prominent sclerotium 
like masses on the part of the Diplodia. Somewhat similar mycelial masses were ob 
served in some of the Sphaeropsis cultures, but they were much smaller and less con 
spicuous. Both strains blacken the substratum conspicuously about the fourth day after 
inoculation and neither seems inclined to form pyenidia in tube cultures. But for this 
difference in the tendency to form sclerotium-like bodies we should certainly be com 
pelled to consider them identical. As it is we can only wait for further developments 
and present such evidence as we have on hand. So far as we know the ascus bearing 
stage of Sphaeropsis malorum has not been discovered. Neither have we, as yet, been 
able to connect the Diplodia with any ascus bearing form. The further discussion of 
this question, as well as that of an effective disinfectant for Diplodia spores, is reserved 


for some future publication.’’ 


EFFECT ON THE FRUIT 

It would be confusing if the resemblances between the two organisms 
here considered were confined to morphological characters. It is apparent, 
however, from the work of Earl and Rogers (1) that they have a somewhat 
similar effect both on apples and grapefruit when introduced by inoculation. 
Moreover, in the paper in which he describes Diplodia natalensis, Pole- 
Evans (2) calls attention to the fact that the fungus fruits more readily 
on apples than on citrus fruit. Indeed, the spores deseribed in that paper 
are apparently those produeed on inoculated apples. 

As already pointed out by the present writers, the rather closely related 
Botryosphaeria ribis chromogena (4) is able to produce a rot of citrus fruits 
much resembling that caused by the citrus Diplodia itself. B. ribis is 
already known from South Atriea and New South Wales and as both B. ribis 
and S. malorum are found generally distributed in the citrus region of 
Florida, it is well within the bounds of possibility that continued study will 
reveal the occasional presence of both B. ribis and SN. malorum in deeayed 
citrus fruits. 

While it is of interest to note that these closely related fungi may eause 
a deeay of citrus fruit closely resembling that eaused by Diplodia natalensis, 
it will hardly be maintained that this fact in itself should be taken as indi- 
cating any relationship of the two fungi, especially since those most familiar 
with the diseases of citrus fruits are unable to distinguish the rot caused by 
D. natalensis from that eaused by Phomopsis citri (7). Moreover, there 


can be no reasonable question that the fungus that causes the Diplodia 
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end-rot is, in an overwhelming number of cases, not Sphaeropsis malorum 
but Diplodia natalensis. During the past three years, H. R. Fulton and 
J. R. Winston have furnished the writers, for study, numerous cultures of 
Diplodia isolated from decayed citrus fruit. In all cases these have proven 
to be Diplodia natalensis as the name is used in this paper. 

Moreover, in a series of experiments recently made by Mr. Winston at 
Orlando, Florida, in which different lots of grapefruit were inoculated with 
pure cultures of these two fungi, Diplodia natalensis was decidedly more 
active as a cause of decay than Sphaeropsis malorum. Under the econdi- 
tions of storage there used practically every fruit inoculated with Diplodia 
natalensis developed the typical ‘tend rot’? from which Diplodia natalensis 
Was again isolated. Sphaeropsis malorum, on the other hand, did not grow 


at all in the grapefruit or grew only very slowly. 


BEHAVIOR OF DIPLODIA NATALENSIS IN CULTURE 

Pycnospore production. Earle and Rogers (1) eall attention to the faet 
that neither NS phae ropsis malorum hor Diplodia natale NSIS formed pyenidia 
in culture in the Isle of Pines. Mr. J. R. Winston has informed the writers 
that pyenospores have been formed but rarely in a long series of cultures 
of D. natalensis in Florida and in the laboratory at Washington. Numerous 
investigators have had the same experience with Sphaecropsis malorum. 
Both fungi will, however, produce pyenospores abundantly in pure culture 
if given suitable environmental conditions. The writers have had excellent 
results in securing pyenospore production in pure cultures of both species 
in a well ventilated greenhouse at Arlington, Virginia, during the fall and 
winter months and in unheated wooden buildings at Wareham and Woods 
Hole, Massachusetts, during the summer (4, p. 590). © Summer tempera- 
tures in Washington apparently are too high to permit the fungi to fruit 
readily in culture. They are apparently very similar in their requirements 
for pyenospore production but must differ somewhat, as for reasons not yet 
understood D. natalensis will sometimes fruit when cultures of S. malorum 
kept under the same conditions remain sterile. 

Cultural characters. On many culture media and, especially while 
young, cultures of Diplodia natalensis and Sphaeropsis malorum are cer- 
tainly very similar in appearanee. As the fruiting period approaches, how- 
ever, there is a marked tendency for the Diplodia to form what Earl and 
Rogers (1) term ‘‘sclerotium-like masses’? on the surface of the medium. 
In the surface layers of these mycelial masses the pyenidia are formed. The 
pvenidia ot NS phae ropsis malorum, on the other hand, are only very slightly 
raised above the surface of the closely matted mycelium. The appearance 
of fruiting cultures of these two fungi on corn meal in flasks is shown in 


plate VIII (Figs. D and E). 
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That the size of the sporocarp of D. natalensis varies with the host and 
the thickness of the bark on which it is grown has been pointed out in an 
earlier publication (6). 

TEMPERATURE RELATIONS 

A far more striking difference between cultures of D. natalensis and 
Sphaeropsis malorum than their superficial appearance is the wide differ- 
ence in the temperature relations of the two fungi. Without attempting 
the all but impossible task of fixing definite optimum and maximum tem- 
peratures for the growth of these fungi, it may be noted that Diplodia 
natalensis will grow somewhat at 37° C., whereas Sphaeropsis malorum 
grows only very slowly at 51° C. Moreover, when grown on potato dextrose 
agar at temperatures above 32° C., many stains of Diplodia natalensis turn 
the medium a bright pink or red. The potato dextrose agar used was made 
as follows: 

Clean pared potatoes were ground and weighed. Distilled water was 
then added in the ratio of 2 ee. of water to 1 gram of the potato. The 
mixture was kept in the ice box two hours, then put through gauze and a 
meat press. The juice was filtered through paper to remove the starch, 
steamed one hour, then filtered again through the cotton. After making 
up to the original amount, one and one-fourth per cent of shredded agar 
was added, and the mixture steamed for one and one-half hours. Two per 
eent dextrose was added before filtering through the cotton. The agar was 
then tnbed and autoclaved thirty minutes at fifteen pounds pressure. 


PYCNOSPORES 

In an earlier paper the writers (5) have shown that the perfect stage of 
Sphaeropsis malorum (Physalospora malorum) has been found on twenty- 
two host species in the eastern United States. It has also been twice found 
on citrus. The perfect stage of Diplodia natalensis has also been found at 
least once by the writers on citrus. The pyenospores of Diplodia natalensis, 
described in this scetion and in tables 1 to 3, were all grown in pure culture 
on corn meal in 100 ee. Erlenmeyer flasks from single ascospores; but they 
agree in all respects with pyenospores produced in culture from mycelium 
isolated from decayed citrus fruits. 

Under the conditions of our work, pyenospores of Diplodia natalensis 
may be distinguished from those of Sphaeropsis malorum by differences in 
size and shape, in degree of septation, in color of the mature spores, and by 
the frequeney with which hyaline spores are found. Tables 1 and 2 give 
the size and table 3 the shape as expressed by the ratio of length to width 
of what we regard as typical pyenospores of these fungi. Pyenospore 
measurements which are summarized in the first line of each of these tables 
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were made from pycnospores produced in pure culture from single asco- 
spores of Physalospora malorum from the hosts discussed in earlier papers 
(4. 5), namely: Acer sp. five specimens; Alnus sp., two specimens; 
Amygdalus sp.; Cer is sp.; Crataegus sp.; Diospyros sp.; Hicoria sp., four 
specimens; Liquidambar sp., three specimens; Liriodendron sp.; Lucuma 
sp.; Magnolia sp.; Melia sp., three specimens; Platanus sp.; Prunus sp.; 
Pyrus malus; Quercus sp., six specimens; Ribis sp.; Rubus sp.; Salix sp., 
three specimens; Sassafras sp.; Citrus sp.; Viburnum sp., and Vitis sp. 
These were collected at various places in the eastern United States. It will 
be noted that while they differ but little in length, the extremes differing 
very little in the two species, there is a slightly larger proportion of long 
spores in Diplodia natalensis. The differences in width are more marked. 
Pyenospores of Sphaeropsis malorum measure from 7 to 15 mierons in 
width, mostly 10 or 12, while those of Diplodia natalensis measure 11 to 17, 
mostly 13 or 14. The difference in width is of course refleeted in the shape 
(Table 3), Diplodia natalensis showing a decidedly larger proportion of 
spores whose width is half or more than half of their length. Pyenospores 
of the two fungi are, however, more readily distinguished by color and sep- 
tation than by size. Although septate pyenospores are occasionally found 
in Sphacropsis malorum, they are, under the conditions of our work, exceed- 
ingly rare. One often examines a dozen slides well covered with mature 
pycnospores without finding a single septate spore. On the other hand, 
while hyaline spores of Diplodia natalensis are almost always one-celled, 
in the great majority of cases they develop a septum by the time the outer 
wall becomes colored. Mature (colored) one-celled pyenospores of Diplodia 
natalensis are not so rare as septate ones of Sphacropsis malorum, but they 
are in a decided minority. 

In general, spores of Diplodia natalensis remain hyaline until about the 
time they are discharged from the pyenidium. As a result, colorless spores 
of this fungus are abundant and may be found in almost any preparation. 
On the other hand, hyaline spores of Sphaeropsis malorum are compara- 
tively rare. The pyenospores of this fungus apparently become colored 
very soon after they are detached from the sporophore, or, in some eases, 
even before they become detached. As pointed out by many W riters, the cell 
wall of spores of D. natalensis appears to be very thick, even while the 
spores are hyaline. These various points are well shown by figures A and 
B of plate VIII. 

A difference in the pyenospores of these fungi which is very readily 
detected but not easily deseribed is the difference in the color and markings 
of the spore wall. Mature spores of Sphaeropsis malorum are a uniform 
light brown, without markings in the wall other than very small lighter 
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spots. Mature spores of Diplodia matalensis, on the other hand, are a dark 
greenish brown, and the wall appears to be furrowed, or ridged lengthwise, 
This furrowing appears in many of the published figures of spores of this 


species. 


THE PERFECT STAGE OF DIPLODIA NATALENSIS ON CITRUS 

As stated above, the perfect stage of Sphaeropsis malorum, which the 
writers call Physalospora malorum, has been twice collected on citrus, once 
by Fulton in Baldwin County, Alabama, December, 1923, and onee by 
Stevens at Satsuma, Florida, March, 1924. In the material secured at 
Satsuma, and on the same twigs with Physalospora malorum, was a Physalo- 
spora trom which typieal Diplodia natalensis spores were produced in pure 
culture. The cultures from single ascospores of this fungus and subcultures 
from the resultant pyenospores agreed in all respects with the citrus end- 
rot Diplodia. They grew readily at 36° C., produced the typical coloration 
on potato dextrose agar at these temperatures, produced the large mycelial 
masses on cornmeal agar flasks before fruiting, and the spores agreed in all 
respects with those of Diplodia natalensis from decayed citrus fruits. 

So similar, however, are the perithecia and ascospores from which the 
spores of the Diplodia type were produced to those from which the spores 
of the Sphaeropsis type were produced that with the very limited material 
available the writers are at present unable to distinguish any differences, 
Indeed, since both occur on the same twigs and it is impracticable to make 
eultures from a given perithecium and then section it for microscopic study, 
it is not possible to say with certainty which form is in any particular 
section. 

The perfect stage of Diplodia natalensis is apparently rather rare on 
citrus. In the course of our collections in Florida, the perfect stage has 
been found only onee. We have also one specimen of Physalospora on 
citrus secured by Shear (No. 2892) in the Isle of Pines, in 1916. This is 
presumably, though by no means certainly, the perfect stage of D. natalen- 
sis. In this specimen the ascospores are slightly larger than those of typieal 
Physalospora malorum. 

In view of our admitted inability to distinguish between the perfect 
stages of these fungi, the possibility at once suggests itself that what we 
have here distinguished as Diplodia natalensis and Sphaeropsis malorum 
are really but varieties of a single species. Of this the writers ean find no 
evidence whatever. We have had a large number of cultures of these two 
fungi under observation during the past two vears; and not only do both 
show remarkable constaney in their various cultural and other characters, 
but no spore of the Sphaeropsis type has vet been found in eultures of 
Diplodia natalensis, nor has the reverse situation occurred. 
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It seems much more probable that we are dealing with two closely re- 
lated species, the perfect stages of which are very similar indeed. That 
constant differences in the morphology of the perfect stages might be dis- 
covered if abundant ascospore material of Diplodia natalensis were avail- 
able also seems probable. For the present the wisest course seems to be to 
consider the two fung! as separate species without attempting to assign a 
specific name to the pertect stage of Diplodia natalensis. 


SUMMARY 


The name Diplodia natalensis is here used to indicate the Diplodia which 
causes a stem-end rot of citrus fruit in Florida. The name Sphaeropsis 
malorum is used to indicate the common black rot fungus of apples in the 
eastern United States. 

The perfect stage of Sphaeropsis malorum (Physalospora malorum) has 
been found twice on citrus. The perfect stage of Diplodia natalensis is a 
Physalospora very similar to Physalospora malorum. 

Cultures of Diplodia natalensis can be distinguished from those of 
Sphaeropsis malorum by their superficial appearance at the time pyeno- 
spores are produced. The pyenidia of Diplodia natalensis are borne in 
‘‘selorotium-like masses’’ above the surface of the medium. The pyenidia 
of Nphaeropsis malorum are only very slightly raised above the surface of 
the culture medium. 

Diplodia natalensis grows somewhat in culture at 37° C., whereas 
Sphaeropsis malorum grows slowly at 31° C., and very little above this 
temperature. 

Pyenospores of Diplodia natalensis can be distinguished from those of 
NSphaeropsis malorum by differences in size and shape, in degree of septa- 
tion, in color of the nature spores, and by the frequency with which hyaline 
spores are found. The pyenospores of Diplodia natalensis are somewhat 
wider than those of Sphaeropsis malorum. In general, spores of Diplodia 
natalensis remain hyaline until they are discharged from the pyenidium, 
and may be found in almost any preparation, whereas hyaline spores of 
SN. malorum are comparatively rare. Pyenospores of D. natalensis are usu- 
ally septate as soon as the spore wall becomes colored. Septate spores of 
S. malorum are decidedly less common than those with no septum. 

Bureau OF PLANT INpusTRY, 

WASHINGTON, D. C. 
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EXPLANATION OF PLATE VIII 


A.—Pyenospores of Sphaeropsis malorum in culture from single ascospores from 
Citrus. 

B.—Pycnospores of Diplodia natalensis in culture from single ascospores from 
Citrus. 

C.—Longitudinal section of perithecium of Physalospora sp. on Citrus. 

D.—Fruiting culture of Sphacropsis malorum on cornmeal in flask, two months old, 
crown in green-house, 

E.—Fruiting culture of Diplodia natalensis on cornmeal in flask, two months old, 


grown in green-house. 
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THE INHERITANCE OF DISEASE RESISTANCE IN 
WHEAT AND OATS! 


E. F. GAINES 


INTRODUCTION 

It has been known since ancient times that plants and animals, inelud- 
ing man, vary greatly in their ability to resist disease. Some races are 
more resistant to a given disease than others. Certain families within a 
race are more resistant than the average, and certain individuals within 
such families may be still more resistant. 

More recent studies on the life histories of the causal organisms show 
that pathogenic fungi, bacteria, and infusoria are more or less restricted 
in their choice of host. There must be a rather delicate chemo-tactie bal- 
ance between host and parasite in their growth relationships before infee- 
tion resulting in disease can take place. This balance in certain cases is 
easily upset. For example, hogs may be vaccinated for cholera and thus 
be speedily changed from susceptible to immune individuals. Similarly, 
man may be immunized for life against smallpox or yellow fever by living 
through one attack of the disease. The substances in the blood that immun- 
ize against either pneumonia or tetanus, on the other hand, are east off after 
a time so that the individual again becomes susceptible and may suffer a 
second attack as severe as, or worse than, the first. 

This type of acquired resistance or induced immunity is not inherited 
in the ordinary sense, but each new generation must be vaccinated or 
inoculated with the proper virus in order to aequire immunity. Inherent 
or natural resistance appearing in families or races, if continued from 
generation to generation in matings among themselves, might be expected 
to be inherited in hybrid offspring when crossed with a susceptible race, 
like morphological characters. The easiest way to find out whether this 
is true or not would be to cross a resistant or immune individual on a 
susceptible individual and analyze the offspring in later generations. Con- 
siderable breeding work has been done along this line, and various investi- 
gators have published their results. 

Biffen (3), in England, about 20 vears ago crossed resistant and sus- 
ceptible wheats in respect to stripe rust and found in the F, generation 

1 Published with the approval of the Director of the Washington Agricultural Ex- 
periment Station as Scientifie Paper No. 114, College of Agriculture and Experiment 
Station, State College of Washington, Pullman, Washington. The work herein re 


ported has been done in cooperation with the Office of Cereal Investigations of the 


sureau of Plant Industry, U. S. Department of Agriculture. 
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susceptible and resistant plants occurring in the ratio of 3:1. He seleeted 
the resistant recessives, some of which have continued to be resistant 
through all generations to the present day. He found resistance to mildew 
of barley inherited in much the same way. Nilsson-Ehle (9), in Sweden, 
found resistance to stripe rust in wheat inherited somewhat differently in 
his hybrids. When he crossed a wheat which was fairly resistant with 
one moderately susceptible, he obtained offspring more resistant than the 
resistant parent and more susceptible than the susceptible parent. This 
he thought was due to modifying multiple factors. 

Haves, Parker, and Kurtzweil (6), in America, found resistance to stem 
rust of durum wheat was inherited when durums were crossed with the 
susceptible common wheats, but the resistance was usually associated with 
other durum characters, although they obtained one strain that was very 
resistant but in other respects resembled the susceptible common wheat an- 
cestor. 

Aamodt (1) demonstrated the necessity of using known biologie forms 
of stem rust in genetic studies of resistance in wheat. In an F, generation 
of Kanred and Marquis all the plants were susceptible when inoculated 
With a mixture of biologic forms, but F, selections inoculated with a pure 
culture of Form I gave results indicating a 1:2:1 segregation of immune, 
mixed, and susceptible families. He also found one family of spring type 
that was immune from the eight biologie forms from which Kanred is 
immune although Marquis is susceptible to six of them. Thus the re- 
sistance of Kanred was combined with the spring habit of Marquis. 

At Cornell, MeRostie (7) found two strains of bean anthracnose, each 
of whieh would attack and cause disease in certain varieties of beans but 
not in others. When a bean resistant to both strains was crossed on one 
susceptible to both, the F’, offspring segregated in the ratio of nine resistant 
to seven susceptible plants. Either strain alone gave the expected ratio of 
3 resistant to 1 susceptible. The record of the various types in later gen- 
erations proved the correctness of his interpretation. Later (1921), Me- 
Rostie (8) published an article in the Journal of the American Society of 
Agronomy in which he gave data to show that resistance to root rot and 
resistance to mosaic in beans were also inherited in his crosses. Many of 
his F, selections were shown to be accurately analyzed by their perform- 
ance in the FE, generation. 

Barney (2), also of Cornell, recently analyzed three different typical 
crosses of oats in respect to their resistance and susceptibility to loose smut 
in which widely different ratios of resistance were obtained. He suggested 
the possibility that 1, 2, and 3 dominant factors for resistance would best 


explain the results. 
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Resistance of wheat to bunt and oats to covered smut has been studied 
in considerable detail at the Washington State College, two articles (4, 5) 
having been published on the inheritance of wheat resistance. Perhaps 
more data on the genetics of resistance to these two smuts have been ob- 
tained than at any other station. It is the purpose of this paper to present 


a summary of these data. 


RESISTANCE IN WHEAT 

Work on the resistance of wheat to bunt, or stinking smut, as it is 
commonly called, was begun at the Washington Experiment Station at 
Pullman in 1914. During the past ten years, considerable information 
has been obtained on the comparative resistance of many varieties as well 
as the mode of inheritance in 26 different crosses. 

The bread wheats of all countries are found to be generally susceptible. 
When inoculated seed is sown under optimum conditions for infection, 
from 75 to 99 per cent of bunted heads is obtained. In testing some 500 
varieties, however, a very few are found that are consistently resistant, 
producing less than 10 per cent. Just why it is rarely possible to get 100 
per cent of bunted heads in the susceptible varieties is not known.  Evi- 
dently certain plants escape infection, for when seed of such plants is sown 
under conditions favoring maximum infection, the resulting crop will be 
fully as susceptible as the unselected seed. The average susceptibility of 
10 different pure lines has not been changed by selection, although bunt- 
free plants from badly infected plots have been selected year after year. 
Each variety has a rather constant index of susceptibility that fluctuates 
with environmental conditions but maintains its relative place in respect 
to other varieties. For example, Turkey produces from 1 to 15 per cent 
of bunt under the same conditions that Hybrid 128 produces from 75 to 
100 per cent. 

In 1918 the mode of inheritance of resistance was established for 2 
crosses in which the resistant Turkey was the pollen parent while the 
susceptible Hybrid 128 and the resistant Florence were, respectively, the 
pistillate parents. The EF, generation segregated into resistant, inter- 
mediate and susceptible types, some of which bred true in the F, in 1919. 
Transgressive segregates in the Turkey-Florence cross were obtained, that 
is, Some were more resistant and some more susceptible than the parents. 
Data on selections of these two crosses from the fifth to the ninth genera- 
tion have been obtained since 1918 and in addition, 19 other crosses have 
been investigated in the F, and later generations in respect to bunt re- 
sistance. From these data, it seems that Hybrid 128, Winter Fife and 
Velvet Node have no heritable factors for resistance to bunt; Fortyfold 
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and Red Russian each have weak resistances which reduce the amount of 
bunt from 10 to 20 per cent; Marquis is resistant when sown in the spring 
but susceptible when sown in the fall. Turkey, Alaska and Florence eae) 
have differing concentrated resistances which reduce the amount of bunt 
70 to 75 per cent compared with the susceptible varieties. These concen. 
trated resistances are cumulative in effect when brought together by cross. 
ing, the resulting descendants segregating into immune, very resistant, 
and various stages of more or less resistant and completely susceptible 
classes. Martin, Hussar and White Odessa are bunt-free and are ¢op. 
sidered immune. 

Martin has been under observation for seven years. Hussar has been 
bunt-free for four years under conditions favoring maximum infection, 
White Odessa was immune in 1921, 1922, and 1924, but in 1923 one smutted 
plant was found (probably a mixture 

In two crosses of susceptible varieties, Hybrid 128 x Marquis and Hybrid 
128 x Velvet Node, only susceptible offspring were produced in subsequent 
generations. When Fortyfold and Red Russian, both intermediate for re. 
sistance, were crossed, intermediate and susceptible offspring were produced. 
Since both parents are considered intermediate, it would be expected that 
segregates would occur more resistant and more susceptible than the parents 
unless their feeble resistances were identical. Although several hundred 
third-generation families were tested, they were all as susceptible as the 
parents or more so. When the resistant varieties Turkey, Alaska, and 
Florence were crossed with the susceptible varieties Jenkin, Hybrid 128, 
and Jones Fife, the resulting offspring were more often susceptible than 
otherwise; in fact, the full resistance of the resistant parents was recovered 
in less than 2 per cent of the third generation families. When the same 
susceptible varieties were crossed with the immune Martin, Hussar, or 
White Odessa, there seemed to be a dominance of resistance, more than 
half of the resulting hybrids in the third and subsequent generations pro- 
ducing less than 5 per cent of bunted heads, about 20 per cent of which 
were bunt free. When resistant and immune varieties were crossed, an 
occasional segregate would show more susceptibility than the weaker parent, 
but on the whole the number of immune and highly resistant families was 
much larger than when immune and susceptible varieties were crossed. No 
doubt, the immune hybrids differed considerably in their potential immu- 
nity, but to prove this requires time and patience. There are two methods, 
however, by which this ean be done: one is to back-cross them with suscep- 
tible varieties and then test the relative susceptibility of the offspring. The 
other is to test their vegetative vigor and yielding capacity when inoculated 
seed is sown under conditions favoring maximum infection in comparison 
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with uninfected seed. Such a yield test was made in 1924 with 10 resistant 
or immune varieties. Some of the varieties were apparently reduced in 
vield by inoculating the seed while others were not. Martin and Hussar 
produced slightly more grain in one series of plats in which the seed was 
inoculated with bunt spores, than in the control where the seed was treated 
with copper carbonate. In another series, the smutted seed produced a 
smaller erop. Additional work along this line is necessary before definite 
recommendations regarding the elimination of seed treatment in ecommer- 
cial practice is sate. At any rate the immune wheats are more prepotent 
in transmitting resistance than those that show a slight infeetion. The 
word ‘‘prepotent’’ has been used for lack of a better term, although a more 
exact word would be preterable if one could be found. Probably what 
actually happens is the coming together of a greater number of unit factors 
for resistanee, the cumulative effect of which is to make the total result 
appear as a dominant. A lesser number would give the recessive effect. 
Mendelian terminology is scareely adequate to deseribe the inheritance of 
fluctuating quantitative characteristics like resistance to bunt, although 
there is little doubt that varietal differences in this respect are due to the 
cumulative effect of unit factors, and can be fixed in hybrid offspring like 
other factors, according to the known laws of heredity. It seems logieal to 
assume that in time commercially desirable varieties immune from bunt will 
be extensively grown, thus eliminating the losses now caused by bunt. In 
fact a beginning has already been made. More than 5,000 acres were sown 
in the fall of 1924 to two of our immune hybrids, Ridit and Selection C. 
Whether the development of varieties of other crops immune from their 
major diseases holds out unlimited possibilities might be a subject for con- 
troversy. But, certainly, enough now is known about variation in suscep- 
tibility and inheritance of disease resistance to warrant more experimenta- 


tion alone this line. 


RESISTANCE IN OATS 

The results with resistance to bunt in wheat have encouraged us to un- 
dertake similar work with resistance to covered smuts in oats. Covered 
smut is perhaps, next to bunt, the most noticeable and destructive cereal 
parasite of Eastern Washington. Some 200 varieties tested show a range 
trom complete susceptibility to immunity. The common commercial oat 
varieties of the Northwest are generally susceptible, but a much smaller 
percentage of infection occurs when the seed is inoculated with smut spores 
than is obtained with bunt in wheat, because of the protective covering of 
the seed. When the hull is peeled off and the naked kernel blackened with 
spores, from 75 to 100 per cent of smutted plants are produced. 
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In 1914 a variety of Red Rustproof by the name of Texas Red was 
brought back from the Sixth National Corn Show at Dallas, Texas. This 
Red Rustproot selection has been immune to covered smut in all tests, even 
when the hull was removed and the naked seeds blackened with viable 
spores before sowlne. 

Red Rustproof can be crossed with the other species of oats, although 
many sterile flowers are found in the F,. Enough seed is produced, how. 
ever, to give fairly large populations in the F, and later generations. Foy 
crosses with this variety have been analyzed in the F, with respect to re. 
sistanee to covered smut as well as selections in later generations. In 19]9 
the third generation of Red Rustproof and Black Tartarian was grow, 
in the cereal nursery. As there were several other segregating factors of 
genetic interest, the analysis of the 117 F,, families was turned over to one 
of our graduate students, Steich Wakabayashi. Mr, Wakabayashi analyzed 
the material in considerable detail, a summarized report of which he pub. 
lished in the Journal of the American Society of Agronomy, October, 1921 

In 1922 the analysis of an F, of Red Rustproof and Abundance was 
undertaken by E. F. Landerholm as major research work in his senior year 
at the State College of Washineton. The compilation of the data proved 
too great a task, as there were 345 F, families, and the completion of the 
work was delegated to others after Mr. Landerholm graduated. 

In 1923 the data on 150 F,, families of a cross between Red Rustproof 
(C. I. 2140) and Large Hulless (C. I. 278) were taken by Elmer Ausemus, 
and this material, together with a summary of the other two crosses, was 
presented as his Master’s Thesis in June, 1924. 

Black Tartarian (Wn. 762), Abundance (C. I. 1192), and Large Hulless 
(C. 1. 278) represent three diffe.ent species and are very unlike taxonomi- 
cally, but they are more closely related to each other genetically than to 
Red Rustproot. Large Hulless is extremely susceptible, often producing 
more than 90 per cent of smutted panicles. Black Tartarian and Abundanee 
are more resistant, producing only 20 to 30 per cent of smutted panicles 
when sown under conditions favoring maximum infection. This is partly 
due to the protective effeet of the adhering lemma, but when this is removed 
they seldom produce more than 75 to 8) per cent of covered smut. 

The inheritance of the immunity of Red Rustproof is essentially similar 
in all three crosses. It is preponderantly dominant. In only five of the 
612 F, families tested was the susceptibility of the weak parent recovered. 
In the cross with Black Tartarian, only 10 per cent of the F,, families pro- 
dueed any smut at all. The smuttiest F, family produced but 15 per cent 
of smut compared with 34 per cent for the Black Tartarian check rows. In 
the cross with Abundanee, out of 345 F, families, only nine produced more 
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than 5 per cent of smutted panicles, 50 others produced from a trace up 
to 5 per cent, and 286 were smut-free. In the cross with Large Hulless, 46 
out of 149 F, families produced traces of covered smut. No smut was found 
in 103 of the rows, seven of which were homozygous for the hulless charae- 
ter. and five of which produced immune offspring in the fourth generation. 
These seven hulless rows upset the commonly accepted view that the hulless 
varieties as a class are very susceptible to covered smut. The check rows 
of Large Hulless produced 86 per cent of smutted panicles, but the smut- 
tiest F, row produced only 51 per cent. Only 16 F, rows produced more 
than 10 per cent. 

The 496 immune F, families of these three crosses no doubt vary greatly 
in their potential immunity, but as yet no adequate method has been devel- 
oped for determining this point. Back-crossing with susceptible varieties, 
as was suggested for the immune wheats, should in time bring out these 
differences, but it is such a slow and expensive process as to be imprae- 
ticable for more than a very few selections. 

In so far as the data have been analyzed, immunity does not seem to be 
linked with any of the outstanding characteristics of Red Rustproof. 
Hulless segregates, white and black hulled segregates, and F,, families with 
side type of panicle have been found which are immune. Likewise, some of 
the susceptible segregates have the red lemmas, hairy base, and bearded 
secondary kernels of Red Rustproot. 

The dominance or ‘‘ prepotency”’ of this immunity to covered smut in 
oats could be explained on the basis of multiple factors which are cumula- 
tive in effect. More factors would need to be assumed, however, than have 
been assumed in the immunity work with wheat or else a larger effeet of 
each individual factor would have to be assumed. Our knowledge of com- 
parative susceptibility of standard oat varieties leads us to believe that 
there are several factors, for the different varieties vary all the way from 
complete immunity to complete susceptibility. A definite analysis of the 
characters just described would be premature until more work has been 
done. The principle of resistance heritability in oats, however, is consid- 
ered established. This principle is gaining’ wider credence for other dis- 
eases, as plant breeders throughout the country investigate the subject 
genetically. Parker (10), of the Kansas Agricultural Experiment Station, 
has shown that resistance to crown rust of oats is recessive, but caused by 
multiple factors. Barney (2), of Cornell, working with loose smut in oats, 
on the other hand, found resistance dominant. This in general agrees with 
our covered-smut results. It may be, as Reed (11) has suggested, that the 
two smuts of oats react similarly to a given host variety in respect to 


resistance, 
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DISCUSSION AND CONCLUSIONS 

In addition to the growing volume of literature on the inheritance of 
resistance of plants to disease, there are a few notable examples of inherited 
resistance to insect attack. The vineyards of Europe have been replanted 
during the past 30 years with hybrid stocks from American species resistant 
to the plant louse, Phylloxera, a root insect that for a time threatened the 
grape industry of the world. Reeently investigators have begun fighting 
the chinchbug with resistant varieties of corn. 

Although little has been published on the subject, inherited resistanee 
in the animal kingdom is probably similar to that in the plant kingdom. Ip 
work with mice it has been found that the inheritance of immunity to tumor 
is dominant, but caused by multiple factors. 

In view of the ever-increasing positive evidence of the general appliea- 
tion of the principle of genetics in developing economic forms of life re. 
sistant to their major diseases, it seems that investigators generally would 
be warranted in giving more attention to this phase of research as a possi- 
ble solution of the major diseases of economic importance. Is it too much 
to assume that an apple variety may be found which the Codling Moth 
would not infest, or that a tree may be found that would not act as host 
to San Jose seale? Might not a pig be found naturally and genetically 
immune from hog cholera? 

A potato resistant to its destructive major diseases would be of interest 
and value. The forage crops offer great possibilities. One has but to men- 
tion the rusts, mildews, root-rots, bacterial blights, infusorial troubles, and 
insect pests, to excite the imagination of the geneticist or selectionist. Any 
form of life possessing inherent capacity to fight its enemies through the 
chemo-tactie reactions of its germ-plasm has a great advantage over its 
fellows. Other characteristics being equal, it would be much preferred. 
The economy saved in spraying and seed treatment, in addition to actual 
loss on account of the disease, would commend it at once. 

WASHINGTON AGRICULTURAL EXPERIMENT STATION, 

PULLMAN, WASH. 
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QUANTITATIVE DETERMINATION OF SULFUR FUNGICIDES 
ON FOLIAGE 


H. W. FitcH 


The persistence of sulfur fungicides on the fruit and foliage of trees is 
an important factor to be considered in protecting against infection by 
pathogenes. General experience with the use of sulfur materials applied 
as a protectant suggests a progressive decrease in the amount per unit arez 
with the passing of time. Assuming uniform distribution at the time of 
application, fungicidal effectiveness, below the optimum, is proportional to 
the relative amounts of sulfur residue on the foliage. Direct decrease is 
brought about by weathering factors, such as washing by rain or dew, 
mechanical action of wind, and slow chemical change in the exposed spray 
eoating. An indirect decrease in effeetiveness results from the growth ex- 
tension of plant parts, either by the enlargement of organs or by the de- 
velopment of new organs subsequent to the application. 

In practice, the interval between applications should depend on the rate 
of weathering and on growth extension. The latter can be judged by eare- 
ful observation. So far as the former is concerned, observations are often 
misleading. Present-day spray calendars are attempts to indicate critical 
periods, which, while based on results of investigations, are at best only ap- 
proximations. In any particular season, section, variety, or planting, the 
actual times and numbers of applications for adequate protection may vary 
widely from those indicated in the standard spray calendars. The com- 
plicated set of local factors makes difficult the determination of the effective 
period for any given application. <A reliable chemical test for determin- 
ing the amount of the fungicide present per unit area would seem to 
be a desirable aid in forming a judgment as to the proper time for renewal. 
Such a test should be simple, rapid, and reasonably accurate. Especially 
refined methods of chemical analysis, while more accurate, would not well 
serve the practical purpose, because of requirements in professional train- 
ing, apparatus, and time. 

While conducting fruit dusting investigations during the summer of 
1921, the writer made numerous tests to determine the persistence of eop- 
per dust coatings on apple foliage, using the method employed by Winston 
and Fulton... The desirability of making tests for the determination’ of 
the persistence of sulfur was very apparent. Therefore, during the winter 

1 Winston, J. R., and H. R. Fulton. The field testing of copper spray coatings. 
U.S. Dept. Agr. Bul. 785: 1-9. 1919. 
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of 1922, the following method was developed and has been tested unde 
field conditions during the seasons of 1922, 1923, and 1924. 


METHOD? 


A condensed statement of the successive steps to be taken in making the 
test may be outlined as follows: 

1. Collect at least three representative samples of forty leaves each, 

2. Make separate determinations for each sample as follows: 

(a) Place 125 cubie centimeters of carbon tetrachloride (C. P.) ing 
600 cubie centimeter beaker. 

b) Immerse the leaves in the carbon tetrachloride for 3 or 4 minutes 
and stir occasionally. 

(¢) Remove leaves from wash. 

(d) Heat wash slowly until it just starts to boil. 

(e) Filter into 150 cubie centimeter flask. 

(f) Evaporate filtrate down to 20 cubie centimeters. 

(2) Pour hot filtrate into a thin watch glass of known weight and set 
aside until the carbon tetrachloride is entirely evaporated. 

(h) Determine weight of sulfur residue present. 

The writer has found forty leaves of fairly uniform size to constitute 
a satisfactory sample for making this test. By the use of a planimeter, it 
was found that forty apple leaves had an average total area of 186.7 square 
inches. If one desires, he may secure a uniform surface area for testing 
by measuring each sample. Green weight determinations can not be de. 
pended upon, because there is considerable variation in thickness and con- 
sequently in the weight of different leaves. In making a series of sucees- 
sive tests during a season, it is desirable to take the three samples, one from 
each of three trees, and to take samples for each suecessive test from the 
same trees. Care should be exercised in collecting these samples in order 
to prevent undue rubbing of the leaves, which would remove the sulfur. 

The samples should be tested shortly after collection, since drying inter- 
feres with the determination. Instead of immersing the leaves, a stream 
of carbon tetrachloride may be directed against the surfaces from a wash 
bottle. 

When the wash is heated, all of the sulfur goes into solution and so will 
pass through filter paper. It is necessary to use a high grade of filter paper 
to eliminate soil particles and other foreign matter. Half or more of the 
solvent may be recovered by condensing the vapors. 

2 Credit is due Prof. L. J. Cross, New York State Chemist, for assistance in formu 
lating this test. 
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At the beginning of a series of tests, a 125 cubie centimeter sample of ecar- 
bon tetrachloride should be run through the procedure to test the purity of 
the chemical. In order to correet an error that may have occurred from sub- 
stances other than sulfur appearing in the filtrate, it is desirable to test 
an equal number of leaves that have not received an application of sulfur. 
If a residue is found either in the tetrachloride or from non-sprayed or 
dusted leaves, it should be figured as a correction in the determinations. 
Satisfactory indications of the loss of the sulfur from the leaves ean ordi- 
narily be obtained by making collections and tests of foliage samples every 
four days. 

This test was designed particularly for testing the persistence of sulfur 
on apple foliage, but it has also been used by the writer for testing sulfur 
persistence on the fruit of apple and the leaves of peach, cherry, plum, 
prune, quince ; and by A. L. Pierstorff on currant, gooseberry, and roses. 


DISCUSSION OF RESULTS 

When made at various periods following an application of dusts or 
sprays throughout the season, the tests indicate a gradual decrease in the 
amount of sulfur present on the foliage. During the first few days after 
an applieation, the loss of sulfur from the foliage was often rather rapid. 
particularly when dust was used. 

The field tests of expanded leaves indicate that from 67 to 86 per cent 
of the sulfur applied in the form of lime sulfur solution actually adheres 
to the foliage of sprayed trees at the time of application, while 36 to 66 
per cent of the sulfur used is to be found on dusted foliage immediately fol- 
lowing treatment. These variations in percentages depend on the efficiency 
of machines, thoroughness of application, and conditions which prevail at 
the time the materials are applied. Strong wind is found to greatly decrease 
the amount of materials adhering to the foliage in either case. Excessive 
quantities of spray, beyond a certain limit, are of no value since the leaves 
retain but a certain maximum of the liquid. This is also true of the dusts, 
of which only a certain maximum can be made to adhere to the foliage. 
Trees with heavy foliage catch a greater proportion of the materials used 
than open trees. 

The amount of sulfur residue necessary for adequate protection against 
any specific disease will doubtless vary with a complex set of factors. There 
is clearly a limit at or above which, with adequate distribution, protection 
will be secured and below whieh protection will be increasingly insufficient. 
The exact determination of this limit would necessitate experiments ecover- 
ing a period of years. The best practice should aim at keeping the pro- 


tective sulfur coating safely above the minimum. 
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Table 1 shows the results of sulfur persistency tests conducted on six. 
teen years old Greening apple trees. For this test the sprayed trees re. 
ceived per tree four gallons of 1 to 40 liquid lime sulfur, and the dusted 
trees received one and one-half pounds of a 90-10 sulfur lead dust. 


TABLE 1.—Results of tests to determine the pe rsistency of sulfur on apple trees 


Date of test Spray test Dust test Rainfall 

(Milligrams* ) (Milligrams* ) (Inches) 
Day of treatment 60 260 00 
2 days later 30 185 05 
6 days later 50 100 70 
10 days later 50 60 1.93 
14 days later 40 15 07 
1S days later t() 15 00 
22 days later 10) 10) 00 
26 days later 25 30 O00 
30 days later 20 25 00 


*i.e., Milligrams sulfur per sample of 40 leaves. 


A comparison of data obtained from these tests with infections oceur- 
ring during the season indicates that at least 30 to 40 milligrams of sulfur 
should be present on forty leaves, or 186.7 square inches of leaf area, to 
afford adequate protection. When a test shows such a small amount of the 
protective sulfur coating to be present, it is certainly approaching the mini- 
mum limit, and the coating should be renewed before the next infection 
period. Under ordinary weather conditions the progressive decrease in the 
protective coatings will usually reach the above suggested minimum for pro- 
tection in about three weeks, and it cannot be depended upon for a longer 
time. <As decrease results both from weathering and growth extension, the 
fruit grower should wateh the rate of growth and the weather very eare- 
fully during critical periods and be prepared to spray or dust before a 
storm period occurring at any time within 2 weeks after the last appli- 
cation. These sulfur tests indicate that, for adequate protection, the time 
interval between applications of dust does not differ materially from that 
between spray applications. When the sulfur coating on either dusted or 
sprayed apple trees was kept at 40 milligrams, or above, per standard sam- 
ple during the season, 90 per cent or more of scab-free fruit was produced. 

DEPARTMENT OF PLANT PATHOLOGY, 

CORNELL UNIVERS! Ty. 














PHYTOPATHOLOGICAL NOTES 


Summer Meeting of the American Phytopathological Society and An- 
nual Meeting of its Pacific Division. C. E. Owens, Secretary-Treasurer of 
the Pacifie Division, under date of March 19 writes that the probable date 
of their annual meeting, and therefore the summer meeting of the Society 
which will be held in conjunction with it, has been set for June 22-24 at 
the Oregon Agricultural College, Corvallis, Oregon. The meeting will also 
be in conjunction with the Northwest Association of Horticulturists, Ento- 
mologists, and Plant Pathologists. 

The Pacifie Division of the American Association for the Advancement 
of Science will hold its meeting in Portland, Oregon, June 17-20. A field 
trip, taking in the Mt. Hood Loop and stopping at Hood River for the 
night, has been planned for Saturday, June 30, for persons attending the 
Portland meeting. The parties attending the Portland meeting can take 
this in and proceed from Hood River to Corvallis on Sunday for the meet- 
ings there Monday, Tuesday, and Wednesday, June 22-24. There is a 
paved highway the entire distance from Hood River to Corvallis. Pro- 
fessor Owens is hoping for a large representative attendance from the East 
and would like to know as far in advance as possible who will attend. All 
members expecting to be present at the Corvallis meeting should notify Pro- 


fessor Owens at an early date. 


Summer Field Meeting of Cereal Pathologists. A meeting of cereal 
pathologists will be held from July 8 to July 14, at Ames, Ia.; St. Paul, 
Minn.; and Fargo, N. D. The tentative program is as follows: 

July 8 Meet at Ames. 

July 9 Field work between Ames and Albert Lea, Minn. 

July 10 Field work between Albert Lea and St. Paul, Minn. 

July 11 Inspection of field plots, field trip, St. Paul. 

July 12 Rest if desired. Evening train to Fargo, N. D. 

July 13 Meet at Fargo. 

July 14 Field trips in vieinity of Fargo. 

The committee on arrangements consists of the following: I. E. Melhus, 
H. B. Humphrey, H. L. Bolley, and E. C. Stakman. 


Personals. Dr. George K. K. Link has been appointed Associate Pro- 
fessor in charge of the newly created Division of Plant Pathology of the 
Botany Department in the University of Chicago. 

Dr. H. A. Edson has recently been promoted to the position vaeated by 
Dr. W. A. Orton as senior pathologist in charge of the Office of Cotton, 
Truck, and Forage Crop Disease Investigations, U. 8S. Department of Agri- 


culture. 
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Dr. G. H. Coons, pathologist of the Michigan station, has been granted 
a vear’s leave of absence in order to undertake studies of diseases of sugar 
beets in the Office of Sugar Plant Investigations, U.S. Department of Agri- 
culture. 

Dr. N. J. Giddings, head of the Department of Plant Pathology of the 
West Virginia State College of Agriculture, at Morgantown, W. Va., and 
Dr. L. E. Melchers, head of the Department of Botany and Plant Pathology 
of the Kansas State College of Agriculture, Manhattan, Kansas, spent the 
month of January in Washington, D. C., compiling the annual summaries 
on the occurrence of diseases of fruit and cereal crops, respectively, for the 
Plant Disease Survey. 

Dr. P. J. Anderson, pathologist of the Massachusetts Experiment Sta- 
tion, has resigned his position to become Director of the Connecticut To- 
bacco Experiment Station at Windsor, Conn., a branch of the Conn. Agri- 
eultural Experiment Station. He will be succeeded at the Massachusetts 
station by W. L. Doran, who has been in charge of vegetable pathology at 
the Massachusetts market garden station at Waltham. 

J. L. Seal, formerly of the Department of Plant Pathology, University 
Farm, St. Paul, accepted a position, beginning January 1, 1925, with the 
Klorida Agricultural Experiment Station. His headquarters for the pres- 
ent are at Miami, Florida. 

Dr. James R. Weir, pathologist in charge of Pathologieal Collections, 
Bureau of Plant Industry, has completed a two-months’ period of service 
with the Tropieal Plant Research Foundation on a survey of sugar cane 
fungi in Cuba and afterwards collected and studied the diseases of tropical 
plants in Haiti, the Dominican Republic, and Puerto Rico. 

Mr. John R. Winston, Associate Pathologist in the Office of Fruit Dis- 
ease Investigations, Bureau of Plant Industry, U. S. Department of Agri- 
culture, who has been in charge of the U.S. Citrus Disease Field Labora- 
tory at Orlando, Fla., since 1916, engaged in citrus disease work, has re- 
signed to accept a position as Pathologist with the Peninsular Chemical 
Company, Orlando, Florida. 

Mr. D. M. Weller, a student of Dr. W. J. G. Land, of the University 
of Chieago, has joined the staff of the Pathology Department of the Ex- 


periment Station of the Hawaiian Sugar Planters’ Association. The staff 


of the Department at the present time is as follows: H. Atherton Lee, 
Pathologist; J. P. Martin and Clyde C. Barnum, Assistant Pathologists; 
D. M. Weller, Histologist; and Z. A. Romero, Photographer. This Pathol- 
ogy Department is probably unique in that its attention is devoted solely 
to a single crop, sugar cane, and on this crop solely to the limited area of 


the four principal islands of the Hawaiian group. 
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